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Abstract: Supernova remnants (SNRs) are widely considered to be accelerators of cosmic rays (CR). They are also ex-
pected to produce very-high-energy (VHE; E > 100 GeV) gamma rays through interactions of high-energy particles with
the surrounding medium and photon fields. They are, therefore, promising targets for observations with ground-based
imaging atmospheric Cherenkov telescopes like the H.E.S.S. telescope array. VHE gamma-ray emission has already
been discovered from a number of SNRs, establishing them as a prominent source class in the VHE domain. Of par-
ticular interest are the handful of SNRs whose X-ray spectra are dominated by non-thermal synchrotron emission, such
as the VHE gamma-ray emitters RX J0852.0-4622 (Vela Jr.) and RX J1713-3946. The shell-type SNRs G1.9+0.3 and
G330.2+1.0 also belong to this subclass and are further notable for their young ages (≤ 1 kyr), especially G1.9+0.3,
which was recently determined to be the youngest SNR in the Galaxy (∼ 100 yr). These unique characteristics motivated
investigations with H.E.S.S. to search for VHE gamma rays. The results of the H.E.S.S. observations and analyses are
presented, along with implications for potential particle acceleration scenarios.
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1 Introduction
Supernova remnants (SNRs) are believed to be sites of ef-
ficient particle acceleration and are expected to produce
very-high-energy (VHE; E > 0.1TeV) γ-rays through the
interaction of these accelerated, high-energy particles with
ambient media and fields. VHE γ-ray emission is currently
detected from a number of SNRs. Of particular interest are
those SNRs whose X-ray spectra are dominated by non-
thermal emission such as RX J0852.0−4622 (Vela Jr.) [1]
and RX J1713−3946 [2]. Synchrotron emission from these
SNRs reveals the existence of high-energy electrons im-
plying strong particle acceleration at shock fronts of rem-
nants. High-energy particles accelerated at shock fronts
can produce VHE γ-rays through the inverse Compton (IC)
scattering of relativistic electrons on ambient photon fields
and/or through proton-proton interactions.
In this paper the results of the H.E.S.S. observations of two
other SNRs with predominantly non-thermal X-ray emis-
sion, SNR G1.9+0.3 [3] and SNR G330.2+1.0 [4], are pre-
sented.
2 SNRs G1.9+0.3 and G330.2+1.0
2.1 G1.9+0.3
G1.9+0.3 is the youngest known Galactic supernova rem-
nant. An age of about 100 years was derived from the ex-
pansion rate of the object obtained from the comparison
of radio observations in 1985 and Chandra observations in
2007 [3]. This result was confirmed by independent radio
observations [5, 6].
G1.9+0.3 was first identified as an SNR in a radio survey
using the Very Large Array (VLA) at 4.9 GHz based on its
shell-like morphology and non-thermal radio emission [7].
G1.9+0.3 had the smallest angular extent ever measured
for a Galactic SNR (∼1.2′).
Chandra observations 22 years later showed a significant
expansion of the remnant to 1.7′ in diameter (about 16%)
[3]. The X-ray image shows a nearly circular bright ring
with extensions (“ears”) extruding symmetrically from the
east and west sides. There is a significant difference in ra-
dio and X-ray morphologies: while the radio source has a
brightness maximum to the north, the X-ray image reveals
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a bilateral east-west symmetry. Observations revealed a
featureless synchrotron-dominated X-ray spectrum [3] in-
dicating the presence of a high-energy electron popula-
tion. In the framework of the srcut model, which de-
scribes the synchrotron radiation from the exponentially
cut-off power-law electron distribution, the roll-off fre-
quency νroll = 1.4 × 1018 Hz (one of the highest val-
ues ever reported for SNRs) and the radio spectral index
α = 0.65 were obtained. The very high column density
of NH = 5.5 × 1022 cm−2 suggests a distance of about
8.5 kpc. At this distance, the observed angular radius of
the bright X-ray ring corresponds to ∼ 2 pc, or 2.2 pc in-
cluding the “ears”. The observed expansion of the remnant
leads to an estimate of the shock speed of 14000 km/s. For
a sphere of radius 2.2 pc an explosion model with an expo-
nential ejecta profile [8] predicts an age of 100 years and an
ISM number density of about 0.04 cm−3. Slightly different
values of the age, 80 years, and a number density of 0.018
cm−3 are derived in [9], assuming an expansion velocity of
14000 km/s and a radius of 2 pc.
2.2 G330.2+1.0
The radio source G330.2+1.0 was identified as a Galactic
SNR in [10] and [11] on the basis of its non-thermal spec-
trum and its proximity to the galactic plane. Subsequent
observations at radio frequencies [12] showed the shell-like
structure of the remnant with a gradient of surface bright-
ness towards the galactic plane. G330.2+1.0 was classified
as a possible composite type SNR in [13]. The angular di-
ameter of the shell is ∼ 11′ [12, 13].
Based on ASCA observations [14], a featureless X-ray
spectrum with a photon index of Γ ≃ 2.8 and interstel-
lar column density NH ≃ 2.6× 1022 cm−2 was discovered
[4]. The X-ray spectrum was also fit with the srcutmodel
deriving a roll-off frequency νroll = 4.3 × 1015 Hz and an
absorption column density NH ≃ 5.1× 1022 cm−2 for the
assumed radio spectral index α = 0.3. X-ray observations
revealed a general anticorrelation between radio and X-ray
intensities.
Subsequent Chandra and XMM-Newton observa-
tions [15, 16] revealed that the X-ray emission from
SNR G330.2+1.0 is dominated by a power-law continuum
(Γ ∼ 2.1 − 2.5) and comes primarily from thin filaments
along the boundary shell. A point-like source CXOU
J160103.1-513353 was discovered with Chandra [15] at
the center of the SNR, a possible central compact object
(CCO). Chandra and XMM-Newton observations also
revealed a faint thermal X-ray emission from G330.2+1.0
[16]. Using the thermal emission, a low ISM density of
0.1 cm−3 was calculated. A lower limit on the distance
dG330 ≥ 4.9 kpc was calculated in [17] using the HI
absorption measurement. Hereafter, the distance to
G330.2+1.0 is assumed to be 5 kpc. Obtained values
of the ISM density and distance lead to the age estimate
for the remnant of tG330 ≃ 1000 years, using the Sedov
solution [18] to describe the hydro-dynamical expansion
of the SNR at the adiabatic stage [16].
3 Observations and Analysis
3.1 The H.E.S.S. Instrument
H.E.S.S. (High Energy Stereoscopic System) is an array
of four 13 m diameter imaging atmospheric Cherenkov
telescopes (IACTs) located in the Khomas Highland of
Namibia at an altitude of 1800 m above sea level [19,
20].The telescopes are optimized for detection of very high
energy γ-rays in the range of 100 GeV to 20 TeV by
imaging Cherenkov light emitted by charged particles in
an Extensive Air Shower (EAS). The total field of view
of H.E.S.S. is 5◦ in diameter. The angular resolution of
the system is . 0.1◦ and the average energy resolution is
about 15% [21]. The H.E.S.S. array is capable to detect
point sources with a flux of 1% of the Crab Nebula flux at
the significance level of 5σ in 25 hours at low zenith angles
[21].
3.2 Data Set and Analysis Results
For the study of G1.9+0.3 and G330.2+1.0, data
taken in the period from 2004 to 2010 were compiled.
SNR G1.9+0.3 is located ∼ 2◦from the supermassive
black hole Sgr A∗ at the Galactic Center (GC). More than a
half of the observations used for the analysis are therefore
obtained from Sgr A∗ observations. In order to reduce the
high exposure gradient towards the GC, only those obser-
vations with a pointing within 2.0◦ from G1.9+0.3 were
selected for the analysis. For SNR G330.2+1.0 all point-
ings within 2.5◦ from the center of the remnant were con-
sidered. After the standard H.E.S.S. quality selection [21]
this resulted in 75 and 20 hours of livetime for G1.9+0.3
and G330.2+1.0, respectively (see Table 1).
The H.E.S.S. standard Hillas reconstruction [22] with stan-
dard cuts and the Reflected Region Background method
[23] were used for the data analysis. The results were cross-
checked using the alternative Model analysis tech-
nique [24] as well as independent calibration of the raw
data and quality selection criteria.
No significant γ-ray signal was detected from G1.9+0.3 or
G330.2+1.0. The 99% confidence level upper limits [25]
on the integrated fluxes above 260 GeV (G1.9+0.3) and
380 GeV (G330.2+1.0) energy thresholds were calculated
for three different assumed spectral indices, 2.0, 2.5 and 3.0
(see Table 2). The assumed spectral index does not have a
major impact in the upper limits (see Fig. 1).
4 Discussion
VHE γ-rays from SNRs can be produced either via inverse
Compton (IC) scattering of relativistic electrons on photon
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Table 1: H.E.S.S. observations of SNRs G1.9+0.3 and G330.2+1.0
SNR Observation period Livetime Mean offset angle Mean zenith angle Threshold energy
G1.9+0.3 2004–2010 75 h 1.5◦ 19◦ 0.26 TeV
G330.2+1.0 2004–2010 20 h 1.3◦ 32◦ 0.38 TeV
Table 2: Upper limits on the TeV γ-ray flux from SNRs
G1.9+0.3 and G330.2+1.0
Spectral FG1.9+0.3(E > 260 GeV), FG330+1.0(E > 380 GeV),
index [cm−2 s−1] [cm−2 s−1]
2.0 < 3.8 × 10−13 < 1.4× 10−12
2.5 < 4.6 × 10−13 < 1.6× 10−12
3.0 < 5.3 × 10−13 < 1.8× 10−12
fields or via proton-proton interactions. In this paper the
first scenario is discussed.
The radio and X-ray data were fit with the model of the syn-
chrotron emission of an electron population with an energy
distribution which follows a power-law with an exponential
cut-off
dNe
dE
∝ E−pe−E/Ecut . (1)
The distribution of relativistic electrons can be completely
described by the set of three parameters: the spectral in-
dex p, the cut-off energy Ecut and the total energy in elec-
trons Wtot. These parameters can be determined from the
fit of the radio and X-ray data if the magnetic field B is
known. Independently of the magnetic field, the fit of the
synchrotron emission spectrum to radio and X-ray data can
be defined by the similar set of three parameters: spectral
index α, roll-off energy Eroll and the spectrum normaliza-
tion at 1 GHz. The electron spectral index p is directly
connected to α through the expression p = 2α + 1, while
Ecut and Wtot together with the synchrotron spectrum pa-
rameters depend also on the magnetic field.
Assuming different values for the magnetic field, the
gamma-ray emission created by the same population of
electrons via IC scattering on ambient photon fields (in-
frared (IR) and CMB) is predicted (Fig 2). The photon
distribution is derived from the interstellar radiation field
(ISRF) model [26] and is fit with three Planck distributions
of optical, IR and CMB photons. The contribution of the
optical photons to the γ-ray flux is found to be negligible.
The upper limit on the TeV flux leads to an estimate of a
lower limit of the magnetic field. This in turn allows to de-
termine upper limits on the electron cut-off energy and the
total energy in electrons (see Table 3).
Recently, the first synchrotron-dominated SNR RX
J1713.7-3946 was discovered in GeV γ-rays [27]. The ob-
served spectrum favours the leptonic model and implies a
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Figure 1: The upper limit (99% confidence level) of the
integrated TeV γ-ray flux from SNRs G1.9+0.3 (top) and
G330.2+1.0 (bottom) for three different assumed spectral
indices, Γ = 2.0, 2.5and3.0.
very low magnetic field of≃10 µG which is comparable to
the limits found for G1.9+0.3 and G330.2+1.0.
5 Summary
Results from H.E.S.S. observations of two SNRs with
dominantly non-thermal X-ray spectra, G1.9+0.3 and
G330.2+1.0, were presented. 99% confidence level upper
limits on the TeV flux from these sources were estimated.
For an assumed spectral index of 2.5, the upper limits are
found to be FG1.9(> 260 GeV) < 4.6 × 10−13 cm−2s−1
for G1.9+0.3 and FG330(> 380 GeV) < 1.6 × 10−12
cm−2s−1 for G330.2+1.0.
Upper limits on the VHE flux allow to derive constraints
on the interior magnetic field in the framework of a lep-
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Table 3: SED model fitting parameters
SNR G1.9+0.3 G330.2+1.0
p 2.2 2.2
Eroll, [KeV] 2.0 0.2
B, [µG] > 15 > 14
Ecut, [TeV] < 50 < 17
Wtot, [erg] < 3.1× 1048 < 5.7× 1048
tonic emission scenario. The obtained lower limits on the
magnetic fields are comparable to the estimates of magnetic
fields in SNRs in which VHE emission can be explained by
an IC mechanism.
G330.2+1.0 and G1.9+0.3 remain promising targets for
observations at VHE and could be detectable with future,
more sensitive instruments like the Cherenkov Telescope
Array (CTA).
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